P ublic campgrounds offer their users a place to appreciate nature, but recreational activity may negatively affect the environment, including soil. Many different properties of a soil can be used to determine how healthy it is. These properties fall into three broad categories that are all interrelated: soil chemical properties, soil physical properties, and soil biological properties (Brevik, 2009 ). The potential negative effects of human activity on campsite soils have been studied for some time (Frissell and Duncan, 1965; Merriam and Smith, 1974; Legg and Schneider, 1977; Monti and MacKintosh, 1979; Stohlgren and Parsons, 1986; Marion and Cole, 1996) . Some of the main ways camping activities may affect the properties of a soil are by compaction during recreational use or by contamination when foreign chemicals are introduced to campsites. The effects of anthropogenic soil compaction along paths have also been studied. It has been concluded that soil compaction due to human activities along paths can hurt vulnerable species of plants that are sensitive to these changes (Godefroid and Koedam, 2004) and can reduce the amount of aboveground biomass production (Brevik et al., 2002) . It is also true that greater amounts of traffic tend to cause greater levels of soil compaction (Williams and Brevik, 2010) . Therefore, it is important to study recreational impacts on soil properties.
Some of the more common consequences that come with compaction of soils are changes in the physical properties of the soil. Increased bulk density and penetration resistance of soils are two physical properties that can negatively impact soil health when compaction occurs (Brevik, 2009) . Changes in physical properties of a soil due to compaction can lead to alterations in the chemical properties as well. One such chemical property that can be affected by soil compaction is the level of soil organic matter. If soils are severely compacted due to human activity, organisms may have a difficult time adapting to the new physical properties of the soil. These physical changes due to the compaction of soils may then reduce the amount of organic matter they contain over time (Brevik, 2000 (Brevik, , 2013a Brevik et al., 2002; Dixon-Coppage et al., 2005) . Soil organic matter may be the most important property to consider in terms of determining overall soil health (Brevik, 2009) , and reduced organic matter can lead to a reduction in soil health.
Another potential threat to soil health at campsites may be the introduction of metal contamination, particularly near fire pits. Burning trash in the campfire is a common practice at many campsites and may be a source of metal pollution. Also, many people tend to park their automobiles close to the campsites. Zinc is commonly found in soils where automobiles have been present (Lagerwerff and Specht, 1970; Fuge, 2005) . Copper is widely used in our modern society, including in electronics, and any Cu item may be a source of Cu contamination (Nuhoglu and Oguz, 2003; Fuge, 2005) . Manganese is found in gasoline (Fuge, 2005) . Manganese, Cu, and Zn are all also metals that are essential for human health, but high levels of these metals can be hazardous to human health (Brevik, 2013b) . Metal contamination could be of particular concern in areas where humans, especially children, come into direct contact with the soil or possibly ingest soil while engaging in recreational activities (Filippelli and Laidlaw, 2010; Gardner et al., 2013; Henry and Cring, 2013; Scott et al., 2013) . Because some metals are not very labile in soil, their contamination may be a problem in localized areas for many years after being introduced (Morgan, 2013) .
Although studies of soil deterioration at campsites have been made in several areas, none have yet focused on possible impacts in the Turtle Mountains region of North Dakota. Each geographic area has its own unique ecosystem and soil characteristics, and the details of the impacts on soils at campsites in the Turtle Mountains of North Dakota remain unknown. Therefore, the focus of this study was to determine whether camping activities have had negative effects on the soil properties of the low-use intensity campsites at Strawberry Lake in the Turtle Mountains of North Dakota. Our hypothesis was that human camping activities have indeed impacted the soil properties of these campsites. We predicted that the areas within the campsites with the highest levels of recreational activity and foot traffic would have increases in soil bulk density, increased resistance to soil penetration, and reduced soil organic matter when compared with control soils located in the surrounding forested areas. We also predicted that these impact levels would decrease in areas of lower recreational activity towards the fringes of the campsites. Another question this study aimed to answer was whether any increases in the concentration of select metals (Zn, Mn, or Cu) could be observed in areas closer to the fire ring where trash is commonly burned and other human activities are typically more intense.
Materials and Methods
The study was conducted at the North Dakota Forest Service campground at Strawberry Lake, located in the Turtle Mountains of North Dakota (Fig. 1) . The Turtle Mountains consist of gently rolling hills covered in deciduous forests dominated by quaking aspen (Populus tremuloides Michx.), burr oak (Quercus macrocarpa Michx.), green ash (Fraxinus pennsylvanica Marshall), black poplar (Populus nigra L.), box elder (Acer negundo L.), and elm (Ulmus spp.), with beaked hazel (Corylus cornuta Marshall), nannyberry (Viburnum lentago L.), dogwood (Cornus spp.), highbush cranberry (Viburnum trilobum Marshall), and chokecherry (Prunus virginiana L.) as common understory plants (Bluemle, 2000) . The soils at the study site consist of the Bottineau loam (fine-loamy, mixed, superactive, frigid Alfic Argiudolls) and are derived from till (USDA-NRCS, 2013) . Typical slopes for the Bottineau loam are 9 to 25%. Mean annual precipitation for this soil unit is 30 to 48 cm, and mean annual air temperature is 3 to 4°C with a frost-free period of 110 to 120 d. The texture of this soil is typically a loam at the surface and clay loam at 30 cm depth (USDA-NRCS, 2013).
Three campsites were randomly selected at Strawberry Lake from among the 13 currently established sites. The selected campsites had parking areas for motor vehicles and were designed to accommodate either camping trailers or tents. The camping areas were equipped with campfire rings and picnic tables. The recreational areas within the campsites consisted of mowed grass (Andropogon spp.), and each campsite was surrounded by deciduous forest (Fig. 2 ).
Within each of the three campsites, bulk soil samples were taken from four areas of varying proximity to the centrally located fire pits, which were the proposed activity epicenters of the campsites. Soil samples were collected from the surface and from 30 cm below the surface, for a total of 12 bulk samples from the soil surface and 12 bulk samples from 30 cm below the surface. The first group of samples was taken from the edges of the fire pits where the highest levels of recreational activity were anticipated. The second group of samples was taken from the midpoints between the centrally located fire pits and the outside perimeters of the individual campsites. The third group of samples was taken from the outside perimeter of the campsites, on the boundary where the grass within the campsite met the surrounding woods. The fourth group of samples was taken from the woods ?1.5 to 3 m (5-10 feet) outside the mowed perimeter of the camping areas. This fourth group of samples was taken from an area where trampling by humans would be unlikely and was designated as our control group.
Soil samples for bulk density were collected using rings of known volume (427 cm 3 ) and a cylindrical stainless-steel cutting head attached to a slide hammer. Samples were collected from each of the described locations in duplicate at the surface and at a depth of 30 cm, giving 24 samples from the soil surface and 24 samples from 30 cm below the surface. Samples were stored in labeled plastic resealable zipper storage bags that were stored in an ice filled cooler until they were transferred to the freezer in the soils lab at Dickinson State University. The bulk soil samples collected for other analyses were also stored under the same conditions as the bulk density samples until the lab analyses could be run. Penetration resistances at each sample location at both depth intervals were measured in the field using a Model 29-3729 CL-700A pocket penetrometer (ELE International Inc.) according to the manufacturer's instructions. The soil penetration resistance values were recorded twice at both sampling depths from each of the four sampling locations at all three of the campsites. Volumetric water content at the time of penetration resistance testing averaged 0.29 cm 3 cm −3 (standard deviation 0.09 cm 3 cm ) 30 cm below the surface. Texture by feel was completed in the field; surface soils were loams and clay loams and soils at 30 cm depth were predominately clay loams.
Once in the lab bulk density was determined by drying the samples of known volume at 105°C for 24 h (Jury et al., 1991) . Soil organic matter was determined by oven drying the soil at 105°C for 24 h. Four to five grams of oven-dried soil were placed into preweighed crucibles, and the total weight was recorded. The soil filled crucibles were placed into a 360°C oven for 2 h and reweighed to determine soil organic matter. Percentage weight loss equaled pre-baked soil weight minus the post-baked soil weight divided by the post-baked soil weight multiplied by one hundred. Percentage weight loss was then multiplied by 0.9375 to determine the percentage of organic matter. This is the standard procedure followed by the North Dakota State University Soil Testing Lab (Larry Swenson, personal communication, 2011) , except that soils in this study were oven dried at 105°C for 24 h instead of the 2-h standard used by the North Dakota State testing lab. The change to a 24-h drying time was made because 2 h is not long enough to remove water-weight when gypsum is present in the sample, but 24 h is sufficient (Schulte and Hopkins, 1996) . Organic matter values were transformed into mass of organic matter per unit volume of soil by multiplying the percentage of organic matter by bulk density.
Soil samples were sent to the North Dakota State University Soil Testing Laboratory to have analysis of selected metal concentrations in the soils completed. Metals were analyzed using the DTPA extraction procedure followed by atomic absorption analysis of the extracts as described by Whitney (1998) .
After the bulk densities, penetration resistance values, soil organic matter content and metal concentrations were determined, the different sample groups were compared statistically. First, the summary statistics for the four separate sample groups at the two depths were determined. Means for each sample group were compared to each other using paired t tests to determine if there were any statistically significant differences between the areas of varying anticipated activity. These paired t tests were done between all the different groups including the control group to see how much impact camping activity has had on the soil. Statistical analyses were completed using Microsoft Excel (Microsoft Corporation).
Results
Mean bulk densities are numerically greatest at the recreational centers of the campsites and decrease in areas of lower activity. The highest mean bulk density at the surface is 1.36 g cm −3
. Mean bulk densities at the 30-cm depth are numerically greatest at the recreational centers of the campsites and decrease as they approach the controls, which have the lowest mean bulk density values. The highest mean bulk density at the 30-cm depth is 1.55 g cm . Bulk densities from the highest areas of recreational activity near the edges of the campfire rings are statistically greater than the controls at both the surface and the 30-cm depths. Bulk densities from the areas of moderate recreational activity at the midpoints between the fire rings and the outer campsite perimeters are statistically greater than the controls at the surface but are not statistically different at 30 cm. Bulk densities in the areas of decreased recreational activity along the outer perimeters of the campsites are not statistically different than the controls at either depth (Table 1) .
At the surface, the soil penetration resistance values are numerically greatest at the center of the campsites where activity was presumably the highest and decrease as they approach the controls, which have the lowest soil penetration resistance values. At 30 cm of depth, the soil penetration resistance values are numerically greatest at the centers of the campsites but lower than the controls at the midpoints and the perimeters. Soil penetration resistance values from the edges of the campfire rings at the surface are statistically greater than the soil penetration resistance values at the controls. The soil penetration resistance values at the other sample locations have no statistically significant differences from the controls. The differences between the soil penetration resistance values at 30 cm are not statistically significant (Table 2) .
Numerically, the mean soil organic matter content at the surface is the lowest at the center of the campsites near the fire rings and is the highest at the midpoints, decreasing again as one approaches the controls. Mean soil organic matter at the 30-cm depth is numerically highest at the edge of the fire ring and gets progressively lower as you approach the controls. Soil organic matter contents from both the surface and at 30 cm showed no statistically significant differences between the controls and the areas of increased recreational activity at the 95% confidence interval. The midpoint value at the surface was significantly different from the other surface values at the 90% confidence interval (Table 3) .
Mean Zn concentration at the surface is numerically lowest at the control, increases approaching the midpoint, and then drops off again at the edge of the fire ring. Mean Zn concentrations at the 30-cm depth are similar across all of the activity zones and lower than at the surface. Zinc concentrations at the surface are statistically different between the controls and the midpoint and perimeter, but show no statistically significant difference between the control and the edge of the fire ring. Zinc concentrations at the 30-cm depth show no statistically significant differences between the controls and the other zones of activity with the exception of the perimeter (Table 4) . Numerically, mean Mn concentration at the surface is the highest, almost double the other sample locations, at the edge of the fire ring. Numerical mean Mn concentrations at the 30-cm depth show less variation from the controls. Manganese concentrations at both the surface and at the 30-cm depth show no statistically significant difference between the controls and any of the other activity zones (Table 4) .
Numerical mean Cu concentrations are slightly higher at the midpoints for both the surface and at the 30-cm depth than they are in the other zones. Copper concentrations show no statistically significant difference between the controls and the other zones of activity at the surface. At the 30-cm depth, the Cu content in the control is significantly different than the edge of the fire ring and the midpoint (Table 4) .
Discussion
The results of this study confirm the prediction that human camping activities have impacted some of the soil properties in campsites at Strawberry Lake, North Dakota. The paired t tests show that the bulk densities of soils sampled in areas of increased recreational activity both at the surface and at a depth of 30 cm are significantly higher than in the control soils. The prediction that the soil penetration resistance values would be statistically higher in areas of increased recreational activity was also confirmed by the paired t tests in the surface samples. The samples taken from the 30-cm depth show no statistically significant differences in soil penetration resistances.
The question of whether the soil compaction due to recreational activity would be enough to have root-limiting effects on vegetation was also answered. The root-limiting bulk density of clay loam is 1.50 g cm −3 (Coder, 1998) . At the Strawberry Lake study area, the finest textures observed were clay loam, and clay loam was the predominant texture at the 30-cm depth. The highest mean bulk density values observed were 1.36 g cm −3 at the surface and 1.55 g cm −3 at the 30-cm depth. The 1.55 g cm −3 value observed at the 30-cm depth near the campfire rings is enough to potentially limit root growth, but none of the other bulk density values were high enough to be root-limiting. The only potential negative impacts on the soil physical properties in the campsites due to human compaction were found at the 30-cm depth in the highest activity areas.
Compaction has been shown to limit additions of fresh organic matter to soils (Brevik et al., 2002; Dixon-Coppage et al., 2005; Brevik and Fenton, 2012) . However, the results of this study show that although there is a statistically significant increase in the bulk densities at the surface in areas of higher recreational activity, there is no significant difference in soil organic matter content between the controls and most of the recreation zones (Table 3) . Therefore, the compaction is not enough to have any significant negative effects on the soil organic matter content.
Although some statistically significant differences were determined to exist between metal content in some of the recreation zones, their concentration dispersal was somewhat patchy. The increase in Zn concentrations at the surface relative to the 30-cm depth may be linked to possible point-source pollution (Table 4) . It is not uncommon to see the burnt remnants of soup cans and other metal trash in a camp fire ring. Polluted ash from the nearby campfires may be a source of some of the observed increases in Zn concentrations in the nearby soils. In addition, automobiles, a major source of environmental Zn pollution (Fuge, 2005) , are typically used by campers and have a major presence in the Strawberry Lake campground. However, the EPA soil guideline for Zn concentration in the United States allows for 23 g kg −1 concentration before a site exceeds limits (Morgan, 2013) . The highest mean concentration recorded in the Strawberry Lake samples was at the midpoint surface location and has a concentration of only 0.0072 g kg −1
. Therefore, even if some Zn is being brought in by camping activities, Zn contamination is not a problem at this site. In fact, it is common for soils in North Dakota to suffer from Zn deficiency (Whitney, 1998) . Likewise, Cu and Mn pollution are not problems at this site. The EPA soil guidelines for Cu concentration in the United States allow for a 3.1 g kg −1 concentration (Morgan, 2013) . The highest mean concentration for Cu recorded in the Strawberry Lake samples had a concentration of only 0.00172 g kg −1
. The USEPA does not have guidelines for Mn (Morgan, 2013) , but Mn values were lower than typical natural values in Manitoba, Canada (Garrett, 2005) . Manganese values were also largely consistent both between recreation zones and with depth. The majority of the metal concentrations in the Strawberry Lake campsite soils were in line with concentrations in the control soils. Given the low concentration values of our samples compared to the concentrations allowed according to the EPA guidelines (Zn, Cu) or compared to naturally reported values (Mn), there are no concerns about significant pollution from these metals at the Strawberry Lake campground.
To ensure the future health and wellness of the ecosystems of the campsites people enjoy, special attention needs to be paid to how we manage such areas. Human activities can have dramatic impacts on the environment, including the soils beneath our feet. Although they are often overlooked and ignored, soils are the very foundation of any given ecosystem. Once soils become severely compacted they can remain that way for a long time, sometimes more than 100 years (Sandor and Nash, 1991; Sharratt et al., 1998; Brevik and Fenton, 2012) . If we gain a better understanding of exactly how recreational activities affect soil health at a variety of locations, including the Turtle Mountains of North Dakota, we will be better equipped to manage these areas with greater care.
Conclusions
The results of this study are consistent with what can be easily observed when arriving at the Strawberry Lake campground. With the exception of a narrow zone around the fire rings, the vegetation at the campsites appeared green and lush (Fig. 2) , and the soil looked to be rich and dark in appearance during sampling. This is good news to those who are concerned with the health of the soils in this beautiful forested area. Strawberry Lake is a primitive campground with no electrical or water hookups, and based on personal observations, it tends to be lightly used compared to other more developed campsites in the Turtle Mountains. The levels of recreational activity were noted to be quite limited at the time this study was conducted. During the three days when the samples were collected for this study, from Sunday to Tuesday in early July of 2012, only one campsite at Strawberry Lake was occupied other than the one used by our group. Low campsite use has also been noted three other times by E. Brevik over the previous two years during peak summer camping season, including during Labor Day weekend 2011, with three or fewer campsites being occupied each time. Unfortunately the North Dakota Forest Service does not maintain records of campground use at Strawberry Lake, but they confirm that use is not heavy. The low recreational use intensity of this particular campground even during the peak summer months is likely the reason for the low levels of soil compaction and related impacts.
One detail in the results that is interesting is the lack of a statistically significant difference between the bulk densities of the soils at the outer perimeter of the campsites and the control area in the adjacent forest. Although it may seem that the perimeter should have an increase in soil compaction over the control, the current level of recreational activity at the very edge of the campsites is not enough to cause any significant increase in the perimeter bulk densities. The main anthropogenic impact on the soil at these campsites is occurring in the central areas immediately adjacent to the campfire rings.
